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Self-organizing approach to multistage batch scheduling with batching
optimization
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Abstract: A bottom-up self-organizing scheduling approach is presented to optimize a kind of scheduling problems with
batching optimization in multistage batch processes. Firstly, a self-organizing scheduling model framework is built up
by constructing kinds of self-organizing units associated with real-world orders, batches and equipment units in the batch
processes. The optimal properties of multistage batch scheduling problems are analyzed. Then, batching optimization rules
and self-organizing selection strategies are introduced in detail. Based on the strategies, a self-organizing optimal scheduling
algorithm is proposed for the given model. Finally, several examples are given and the computational results show that the

presented approach can obtain optimal solutions or near-optimal solutions in a short time, which verifies the effectiveness

and the superiority of the proposed approach.

Key words: batching optimization; batch process; scheduling; self-organization

==

1 51 &

2 A AL PR REAR A SRR Tl — i Y 1
P, AEHRIZGM L VR il A B8R AT A5
BT BN B R A I RGP RE T A £ B
RS2 T 1 7 B AT 1Y BEJRHESE H A, AR,
P B T 2 A A PR R 1) R BE DT VEAE T K
(1 AR, JFRAT TARK A RE RERT. SR, 4 K 7 it
TR ABUE YA L i) L R CE R AN, i o
[ 5 1), AE SR AR o, l T AN R R R AT B 1A
FE, AELRE T dh T RAUNG D0, #EUCE H Rt K/
e S TR rp AR T AR, SR S ] AR R SR
BEATHE R 73, AEAE 2 T BOR ST R AR, $1 31X

Y%= HEA: 2010-08-05; {&[E HER: 2010-09-29.
HEWH: FK 8631k H (2007AA04Z157).
TEBE N B¥501983—), B, 1H 1, W

RGBS A A R EAR R IT.

K1), Prasad 55 N9 H T —Fh & [A] I O0 A0 46
EHE S HEP IR A BRI (MILP) #5578,
P FEE 1T A R v 2 ) L (EL R, Bl )
2 VR TR 384 00 1) USSP 386 K, % VAR A T A
S 2y P AR RV 2R e SR A 45 )

B S B 7 v SE bR A e i R R A
YU RE, AE B B4R, Eid [ 48
1 (SOU) B AAZ A, B R kAR st Ak i B2 45
S0 — P 7 vEUOL el o A i 5 SO B ) AL ER
AT A5 3T AU, Ik 2] [ 424 R
VLTS 00 B IR, E AL P 5 VR A A 2R 5 Tk
FLA iR 1) 72 IS e P IR B8 T RN B A 1) 1 Bl R

R RGN S RAC BT 201964 ), Yh, B, B A S0, NS %



5512 3

Zok A BASMAAAE) % BIA IRITAZ LSRR 1819

1. ARSCAEREFCT 43 HEAL AR (¥ ity b, b —F
TG A AUl 43 RELAG 1) 22 AT b B 75 O 2 1) 388 1)
B AL TV, i N SE1 B T Brgs 5
(A AL
2 AR

ISR — I G 22 7 T IR 4 A BT 3o R % )
B 25 W — A AE K AN B M AN HEAE BRI 2%
{ujlj = 1,2, ,M}FINAT= AT # {o;]i = 1,2,
o N W TR AR S R L 2 AN IRT
W {ujlj € T,k < K}, SHUAGFR G000 T4 &
bR R b R pmin s %7 T LR BRI Ay S —
A ECZ AN EREEAT A2, DS o IRT B g,
PRI 8] vy FIAE BT I 18] dy, LA S FEAE 25 A ik Ak 3 15
B uy IOHEYAC BN IR 7 B0 AV N T .
) R P o gl A A W A2 A 7 24 SRORIT B 7 SR (¥ 4%
N, R AN AR R o R 7 A K e
TSR] g

A 1V

1
O i 1 :
(:) 1 u 1 1
ool L i

E1 HHORX S MZITRS RHAETE

3 BARMERE
31 HEALAERIER

2% 1 S IR AL R A e e R ML 3 s
A AT HEUORHE AR B % T8 AL 3 5 A A A
TR TP S AN AR A R IR H 223N (SOU), mI K
SRR R A BSOS RE, i 2 .

[}

T — HIEHE > QAT R
B2 #HOHMILA S RHAAIRITIE B A L0 R RUAESE

% H AL A A 1T § SOU(OSOU), #t ik
SOU (BSOU)HI # % SOU(ESOU) 4L 3 2% SOU. ix 3 2%
SOUEN B EAME, B A S M EEFAT K. o,
4~ OSOU, BSOU F1 ESOU 43 ) %if |3 52 s A 77 v 1)
— AN ORI A%, LB AL T N SE AR R AR
FEAE K. OSOU n] M4 — i 1 43 410 0 0] 61 2 AH B 1)
BSOU; BSOU 1] %} ESOU HF AT 1 #%, JF 14 AH Y. 1)
ESOU %545 40P, 55> ESOU B A — AN ELFIL R BA A,

SEFEH AR R 1Y) BSOU AL T iZBA A1 1, ESOU nJ %545
BAI ik A3 1) BSOU HEATAREE. 3% 3 28 SOU (1))@
PERNAT R m] LA (5 b 2 T ) % 52 1) vk . %
HE AR e (1) -2 SOU B mJ AR 4 75 2 5 (5 3 o« 7 ok
BUTEHTE B, DRI R A AR ot 1) el S R 3 1k ]
PR i A S RHELL R, 841800 B2 1) W
TR T AN A

32 St mm

L5 SEFRAEARFE A P i B e, — AN T SRR AR AR A
7 B AR AR, T REAAE P IR R A B AN e
B ILTE AR P AR AR B R A E T &
SEARAEAACHE ™ | SIS AR BE H AR ERIIE.

BEXE S 21 ol IR 10 2 AL B ) R, AR AR
7ML DA AN 2 77 4 18 AT Ak B i 2% v Ak 0
AR IR, W]k py, HB RS
HIPy, AN LB AR G s B wy IR0 At &1l A
by, N T ER A% py IR0 T At REAC h by 43T 8 0, SOVF
(n L AR5 o0 Py, BT SR VF 0 L A5 1) 4
Hidh P, P=PUPU: - -UPn, FrEHEE LR
TSR P 1% BE ) UK nT AT AR 10 R S,
AL A S*(S* C S), MR A3 DL T & B

EE 1 LA BT A R R
LRy b = min (b)), bR Bk bpin =

AL _
]%‘?g(b?m). A bnax < pmin (87 WA p € PO

UERY SEBRA S, X TV, = 1,2, M,
70 < by < BP RO, SR, XYy, g€ JP,
WA < by < PR, PO AR AR K
WA b = by H T V) € JP AL, WA o < by <
b}“‘"‘XXﬂLﬂ:Vj e JP, % 5, Fﬁujrg%cl(b?m) < b <

min (b7%) KL, LA A, b = min (bF™), pyoin
jEIP, JEIP,

= j;g%(b;?ﬂ“); Fomax < pmin ) by v R R AL By
< bPex F by > bpin, BT, by AEAEATATR, S84
€ Pior. O

EE2 HSNERES W3s € S st
Vp € P ESUIHERE 392 py _EIGHERE 1 o,

B s e S* L HARE N k. K s T N
T#fEp € P ERLRK IS 1 SRR bpax,
B BETT R s ARy S REIRAE b 3 5 2% b 1 b 2
IR 75 4558 B HL LA, s 55 s/ I9T7 2P 254tk iR
e W g BARE )R R I AH IR 24K, s € S, H
HHMME " =k, \[1§ s € S, HLE R RHE. O

Eﬂ3 %381782 S S, S1 *u S2 E’:J H*ﬂ?{ﬂﬁ'%u
N Ky R kg, 51 A2 AEILHE R A 4508 R 1 St 2 7
2, 51 F so TR o IIHLIKANEY BIh Z F Z+ 1, Bk



1820 F Ll

}5

K

& * % 26 %

0; LSRN &I BRI ORI 3 T LA R o 1) 2 AR Atk ik Ak
()& IR AL B B2 FE A 0 so 5 s0 AH [RD, U
k1 < Ko AT

UEB sy LT 5 o 1 25 I I 4k BB 0 A o,
bé, te ,biZ, S2 EFWT$ 0; ﬂgﬁﬁz/l\fﬂitﬁ\‘% S1 EP1T$ 0;
) Z A b AE v as B 2y Bl SUAH R, 2 Rftbikid
NEZ + IR BB so TAT Ho, I3 Z + 14
HER, FERET 5 0; TR Z SRR AL XS Y. 51 11T
Ho; IOHEIR 53 T VR Ky b3 b5, - -, b, A3 B — AN B
W BEJT 5 sh, JLH BREIL A K. Ealttﬁﬁ%z Kkh < Ko

H. b BT 9 0 FALKITEHLE D 0L > g5, 55 € S H.

sy LRI AN 5 50 AR, D 0 27 SCHE
3 5 R AR 7 5, WA sy < sy BOSE. By
< kb < ko W3 K1 < ko, B so HFRMEAE T 1. O

I HE 1~ B3 1) DAAH DA R 4598 h T 2B R
SRR 7 5, 75 5 I T B AR B 46 PF R, MV ke
AT LA T2 T B A8 b Ot PR, T FLE e
DT R I B> It TR A T MR
RS A S

ikl AR AL R

Step 1: JEEAN ESOU j&& X —ANise A, #laR1k
Fils T 4%, BAFISER ] £ = 0.

Step2: BEHLIEFE—> q; > 01 OSOU. 1k 1)
OSOU AR 52 F i 1 81 Boh 4 J5 ) (T g e

p =/ +ml) Y L/ )l

J'eT N JA;

MBS T () J A HIEFE A uy PR ESOU,
o JA; g SEVFARFRTT B o; IV SR A) Bkt —
A~ ESOU W SN T8 4% py, FH1 5 Hodt i 1 BRAE b,

Step 3: Mk H 19 OSOU ) ft — A L 4y bpoax
(¥ BSOU, I B BT sk, Wl g = ¢; — b # q; <
0, W g; = 0.

Step4: BT € N L ¥ 4% p 1 ESOU (1) 1l BA
HUSERUN ], Bl ¢ = 2 + 75,5 € J .

Step5: #ifFfEq; > 0(i = 1,2,--- , N) [t OSOU,
%% 31| Step2; 770, &5 K.
33 BHALIEEERR

A4 B R, OSOU 4 ESOU ) 1l i PA 471
AR N B A4S BSOU Pk T — 40 Tk 45,
A7 BV EE I AR R, BT BT 8] A [ A
Pl BE A L AR BE 58 B, ESOU 25 A5tk vk BA 471 5 7
TEBNIAFAEAG AR K 2 3, T 0N T B8 AR AR A AR 19 AN
A4k, R, % ESOU M BSOU 75 75 A 4021 i & i
T2 ey, W4l S s 175 000 0 A b 30 47 32 3 Ak B i ol Ak B
XK S0 R T S AR TR .

—7J7 1, BSOU M oV Iz 15 2% Hhak Bk — A
ESOU, =% 55 % £ (PR A R 28 5 iZ 1 vk ) Ak 2 g
DG K. By £E t I 2R 2 A

Q,(t

uil) = 4,(0) / (1+ Z_j) i) (1)

Horpr Aj(t) € {0,1} Nt B %0 8 £y 10T R PE, W7
R, RafH A0, Q;(t) € ARSI, ht i %l ¥
2wy I EERFHE A S LR AN B i B4 g 1)
SERFREUR BB A 58 o ANREIK BT B s A3 BEHR LI
VERIERE oy (¢) WO FETE [0, 1], TEAIRAS py (2) A
FIER AT HESTHRENS &, L) BN E R
RS R () AR, 0 58 B A uy
RE A BN S T R HE R AT 45 BT 75 1R B T />, ) 5% 4%
wy BEIE LR SR, R2Z, W uy kTR L
RN, B A LT ) A B RE ) S B b
AL P FR AL BN ) 75 A7 96, O T SELBSOU X}
ESOU )& HE$, HX ESOU (1) f 5 ] 671 4y
g 0i(py)*(1/7i)" 5
ST s () ()
J'€Uix
o pP 2 {56 ESOU H B 6 wy Xof I ) ESOU #¢ ik
FIMER; 65 € {0,1}, HA[id 2 6;(b), AREATIEER I
BSOU #iti K/ b 1) BRI, KRB uy A2 75 BB Ab 2
AR BSOU, 45 b™ < b < b L4 1, 15
405 Uiy 4 BSOU JIT J& 1T H o; 71 55 k Z 4% o VF 1 i
ZEESOU W4 55 o, B WA S, WUH G H 1Y
N 10, 21, F3 ) W T 1 % 122 iR AS R 6 5 4t
Y10 Ak B B8 g 7 % A 328 v o R e (0 A G S,
EATTREA T R 5 0 56 5l L B S A . A
SEE o I A A R PRERAS 6] 1) 7 H s (15 i K
WX Z AR AR AL FLEE T, WM o > 85 Rz, W
Wa < B. i EIZ0ZRM, 10— s b ) 85, 75 TCHF
PRESR B AR RS S R, Wl a =8 = 1.
Jy— i1, ESOU M I AFEAF AL A 41 Hh i 50—
A~ BSOU A, 32 5 BSOU i W HE VT & 1T L)
P TCHSE T6) ey 0L VR (1 Kb B TR 4 S D, 4%y 1)
SEREHE KA F AT B o (R0 CLE IF 220 119 Ak 34 1 i)
M oh

t’f’ij(t):diftfﬁj* Z (Wk Z’Tijy). (3)
k=k;+1 oy=1

o Ky A% wy BT AR T A2 77 9, Wi J9 3T 50, £E
55k g VT MR IE R S SRS U, I & HE,
Gy MRS Uy, T3y NI S0, #EXH
A SR ) R AE T UK T Baa vk, AN,
AL UGH N iZ A 26 n T, Hiik, ESOU X & (1) 25 4%




5512 3

Zok A BASMAAAE) % BIA IRITAZ LSRR 1821

HERBAFHF BSOU I ME R n] K on

B _ _ Oxj/tri
Pe =50 ' @

> (owj/tri,;)

/=1
b pB ol ¥ % wy S RFREIRBA S 28 2 A~ BSOU #
HEH IR, 0,5 € {0, 1} AR uy FAFHLIREAS
55 2 A BSOU (MBS, 45 ¢ > vy, BOZHT 1; 75 MY
0. ESOU H ¥ s Vrid % C 3 BSOU, B2 ¢ >
r:. {1 BSOU.
34 BHALBAEMKRLEZ

FETF UL IR NIAT [ 2 SOk R SRmg, g
NIk L8V A ST

Hik2  Stepl: WAtk HA LB )% SOU
JEPEFRAS, ¥ 4T s HARME B N o0, S5 BA
SURIRUCEE N FI &G0 S 4.

Step 2: MRHHH L 1A T 5 o; BEATHEIKI 47,
13275 AL BSOU.

Step 3: £ ESOU [1] Wi b I [8] ' ok — MK S H
(H > max(d;)), Step2 1145 2| ¥] Jr f5 BSOU LA Bt AL
W 42 i 0 M 6 % 7 77 4 1L 11 ESOU, 36 513
ESOU [EEAFLIR BRI, #2357 1 ESOU BEHTIRAS, mi
N 8] E A min(fger, i ). e oo R #% T ESOU
Y AR W S IS R], e SR 24 AT R 1K BSOU X W,
AR INE iRy TN

Step 4: ESOU 4 [ i . I [B] 53> A7 1 44447
N, A5 AFAE AR B UK, 58 R R AL BERHE K,
SR 5 2 T O i AE 2 IS5 A5 i T A A1) v o B
(1) BSOU BEAT AbFH. far 5L 3 v, WUk 1L mig )37 B[] 2 82
R A% T BSOU ) 56 J N TR]; 457 W), 28 H Oh T4
PR EIRTESOU, #5 55 RE L IR BAFIAS b %, Tk
A A ORI S /N BETRUIN ), BB B AR A, 58 B
(1) BSOU & Ho A bf it Z 3% £~ — 4 77 2 _E [ ESOU,
I 2L~ —Z ESOU M4 R bR BA B, ik (¥~ —
2 ESOU HEFRIRAS, 45 Fomwe B I (0] 451 H, )& k4
T A TR T) 5 5 6 24 AL FRAE VR, W) ESOU 1 #2047
&£ BSOU 1 H 5 Wi 37 1 i) AR ZS. ESOU AT i
J7y i P 7 s [ (1% 53 1 B, L2 BT BSOU # 2L 5¢
AR K IR BRAT 45 554 ESOU [ 3 A (/) #k H.

Step5: U1 Step 4 H 3k A5 1 45 HL AL 1T B AT 1%
LK, I BT AR HARE /D T 24900 e H bR, LR
171285 FAE g i S5 e VA 88 45 s 75 U, R R 24 Wi I
PR R4 AR,

Step6: N = N — 1, 41 N > 0, W B #1464
% SOU J& PEFIRAS, H2 2 Step 2.

Step 7: i th AR REGE R, HILL R

h T o R B A ZUR BEARAR S S, s
fiF A S TR BT A E 7 SR I 1R 0k T A s I
o7 4 T, MBI B Ao 4 A T I s
IR AT 55 HE e 7 6. 5051 P B ik T R s
TS TR0k pl', o= A i A7 40 e 7 2 41
FRIER G id o B THgs HRE R S0
EFE4 ETHEHZEISXQ M@ RN A
HEUE PR FNE I H A SV FEA A Rk DANE R 1 8T
EEEELM
WEH FEBEER LIPS LR iEp € P#
T TR REZ 4K T 0, AR e B 2 T B 3 25 519
pl'>0. W fe NF, REEES TN FIanttrE
A LRI L pf (pf > 0). TE TR T,
S 2 04Tk Step 3 Al Step 4, FRAG 5 e A B IR/
BC MR 25 HE 7 J7 22 M T ok ,
P 65 (p3)*(1/7;5)
o 1;[ 1:[ 1:[ > 65 (ui)*(1/750)"
3’ €Uk
055/t0i4j
H H Q](t)# 5)
TN (ow/tri,g)

/=1
Horp: 5N G 4RSS, 2 0 & AES, 43 st
BEUR 5 WC AT 25 HE P 7 & N AR Yk BAT o,
55 2 LR BC )V G 5 R 6wy B ALK
P 5. B B IO A 55 HE P T R R 65 = 1,
/Jj > 0*[]055]' =1, mf%p{ > 0. #/l\%ﬁﬂﬁl\ﬁlﬁ
J7 % P ARAE — A2 A e 05U 4 G AT 55 4
7 &, BIILAE LT % f R, B35 2 04T — IR Step 3 Al
Step 4, e IR1G S Mt B2 U 40 Bl AT 257 7 7 48 (1A
Fopl > pl > 0. d15 2 F ESOU Y i 3 I ) 4 45
TEHTRME R A3, SR 2 AR T & f R AR R i
DL IR 4> FE AT 25 HE 7 1 (0 8 7 S8 BV i 30 (1) 3¢
PUfii. DAL, 50982 B A SUH IR — RS B DU AR 1H ik
FuFoschp =p- Y plpl B0 <p <1,
cI'NF

M2 Eéﬂéﬂﬁ%% 7/%’?‘:?%5:&%@@ (R 1] R
Jpy=1-(1-p)~. H0<p; < 1ﬂ%D,N1iI}rlmpN
=1, Kk, 75 N — +oo I, 503k 2 LIRS 1 e84
JmEAk. O

LA UE BRI R T 4, A AU RS h 250 S
P I — e B Rg e Ag A I SO g, iR 4
U0 ZHE AN G 3, B 1T BE H I RS 2 = i
(P4 Ol FEBERPE LT, %0 Y 3 456 2 HUNE
EESUEYNIEEIEE R -,
4 SEHIKRES 6

T o> HEOC A1) 22 G A A Bk R [ 21 2R 7Y A 4




1822 F Ll

N H 02U 5L R C+ 3H47 9w FE 5280, #E CPU
h2.66GHz, W17k 1 GBI PCHL LiEATsRkME. AT
B AF AL 2O BV A RO, AR SRS A A A
PR (1) S 401 0 AT A AN SR AR, S 110V 2 5 T 2
ANEPE G, B 3 AN AL BB A, B S5 S WA
ZHE PR, R, RIS (ur, ue) AT (ug,
us). A 8ATE AT AE LA E AR, AL BRI ()
VT Bt BT TRIAE B 1 (8] 43 53l 4 55 2 FR 3 BT .
1 REZEMEEESEE

B B bPke o b ke
1 uy 10 25
1 us 10 25
1 ug 15 30
2 ug 10 25
2 us 15 30
2 ug 10 25

FT2 iTERAIERE

W A&/h

Es

uy U2 us Uq us Ue

1 - 65 94 52 67 50
2,3 73 65 94 52 67 50
4,56 65 75 85 45 70 48
7,8 68 75 90 48 65 50

x3 iTESH

Z¥ o1 o0z 03 04 o5 06 oO7 Os

qi’kg 30 30 30 20 20 20 20 20
ri/h 0 0 0 0 0 0 0 0
d;i/h 40 50 50 40 30 40 60 60

S 200 24 5 Dy 4 BEALSE ], FEAT B AT BR
iy BB T FIAE B I8 1) A BEAL ™ 2E, 2 BSRmg fn F :

For exam=2to 5

Fort=1to8
¢; = 10 4+ 50 xexam xrandom(0, 1);
If random(0, 1)>1/3
r; =0;
Else
r; = 30xrandom(0, 1);
d; = r; + q; xrandom(0.3, 1);
End
End.
HoAbZ % 5245 1 AH ).

I FHASSCHE IR E LG 5 7725, 2S5k
Bha=p8=1 BHLIEIRKEN EHXF5 A LB
FURE 4 53115 4 5000, 5000, 10000, 20 000 20 000,
PEATHSHAE Rk 4 P,

* * % 26 &
Fz4 MUAEERILER
A2 72 FEFMILPH 7 7L
45
N BAR{E/S W/ BERES i a)/s

1 5000 30.8 2.79 30.8 5.1

2 5000 44.0 3.34 44.0 382.4

3 10000 56.8 8.16 56.8 2419.6

4 20000 98.6 20.79 103.5 10000

5 20000 102.3 26.64 124.6 10000"

E: T R AR I P e TR 5 SRV S, KR R AT AR A A A A

Fe A PRI 45 T STk 9] 2 HE R S T MILP 5%
PR R B D 10068 5 AN S AE [ — T B PC P HEAT A
PSR AR () 45 B, SR A g8 3% F] LINDO API 5.0. W% 4+
LA H, S5 TR A /N R SE A 1~ S48 3, B R i
T LA ) i) 8 f AR AR, AR SC 5 vk BT I sz
e /N TR T MILP BERL 5 1. Bt i) AR (R 189K,
e I AR SR e H Aoy e 1. S KA ) SEZ 451 4 A iz
B'5, H LE B Ty vk 5 5L T MILP AR (1 3 15 5 vk
AH b, 78 SR (P (0] Y R 2 T SELI nI AT R, XL
P TA I H AL SURUR A AL B ER. —
Jyi, HALGUR R AR P, &R A e AR Sy B4
SR i 75 2RSS, TN T 75 B R A e
Y KB LR, VAT DL E R W AT R 4 R )
TR B AR Y5 — 7 T, A B 2 20 ) F AT i
(SRR A IR U (051 1 F, 1T DUAE T IR ) Py 3145 1)
FOUI B P AR AT PR X e e T AR SO A SR
SR AT P R RI S I ) P SR A 1 5 e b B T LA
i3t 1 by RER A B8 S92, S 1) SR AR 46 L [ e s
AR T HAL U A B, Y46, WK 4 al LUE
HH, 1A AR 5% 1 SR AR R ) i 1) R0 A48 1 3
JEE 30378 /N T SCHR [9] H 45 HH 11 3 T MILP A5 78 1) iff &
Jiik, X EEE T A AL EE T R AT N
AT HL YR H B A 1) RIS [ 38 K S A DLk K, A7
SRV TR SR AR P D) A, o 5 ) SRR (1) 488 K 2 30 B £ 7k
K- (N (5 [ 52), 3% 55 MITLP A 78 SR figt 1 1) 1) 6 0 %
KT A B, HA IR R R A, [ B A £ A S
D5 A SRAR IS e 50 PR DA A i .
5 4 ®

I U AL v 55 22 At A B R AL HE P (1 —
AT I, B 5 AR A FNHE R B 43 SR ST gk AT
PRI T T B 45 W 25 e R HE = 6. AR SCEF
Xof 22 2 A B SRR R s, R T PR AL A A X
FEVR KRN 43 RV S B ARAR 1 1 L2 T 9. AR SO
I 2 14 BEOR AN 3 21 SO B s, e ts
H R I ) AR AR S A A R E
T ARSI FEAMEHAT B R A i, iy BB B
(0 Tk e, BEAh, A ST @A RS, T T R I O,
TE AR e 22 S 0 AL B R FE 5T 2% 1 3 ) AT e LA A e
(163 7 FH i S M) 42



512 3 Z kS admAe Z BB it AE A LRLURE ik

1823

£ 2 3k (References)

(1]

(2]

(3]

(4]

(5]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Stefansson H, Shah N. Multi-scale planning and scheduling
in the pharmaceutical industry[C]. European Symposium
on Computer-Aided Process Engineering-15. Barcelona:

Elsevier, 2005: 1003-1008.

Simpson R, Abakarova A. Optimal scheduling of canned
food plants including simultaneous sterilization[J]. J of

Food Engineering, 2009, 90(1): 53-59.

Jia Z, lerapetritou M. Efficient short-term scheduling
of refinery operations based on a continuous time
formulation[J]. Computers & Chemical Engineering, 2004,
28(6/7): 1001-1019.

Qian Yu, Pan Ming, Huang Ya-cai. Modeling and
optimization for scheduling of chemical batch processes[J].

Chinese J of Chemical Engineering, 2009, 17(1): 1-7.

Floudas C A, Lin X. Continuous-time versus discrete-
time approaches for scheduling of chemical processes:
A review[J]. Computers & Chemical Engineering, 2004,
28(11): 2109-2129.

(L#EF181TR)

Storn R, Price K. Differential evolution — A simple and
efficient heuristic for global optimization over continuous
spaces[J]. J of Global Optimization, 1997, 11(4): 341-359.
Nomana N, Iba H. Differential evolution for economic load
dispatch problems[J]. Electric Power Systems Research,
2008, 78(8): 1322-1331.

Coelho L, Souza R, Mariani V. Improved differential
evolution approach based on cultural algorithm and
diversity measure applied to solve economic load dispatch
problems[J]. Mathematics and Computers in Simulation,
2009, 79(10): 3136-3147.

Meng K, Wang G, Dong Z, Wong K. Quantum-inspired
particle swarm optimization for valve-point economic load
dispatch[J]. IEEE Trans on Power Systems, 2010, 25(1):
215-222.

Vlachogiannis J, Lee K. Economic load dispatch — A
comparative study on heuristic optimization techniques
with an improved coordinated aggregation-based PSO[J].
IEEE Trans on Power Systems, 2009, 24(2): 991-1001.
Pandi V, Panigrahi B. Bacterial foraging optimisation:
Nelder — Mead hybrid algorithm for economic load
dispatch[J]. IET Generation, Transmission & Distribution,
2008, 2(4): 556-565.

Park J, Jeong Y, Shin J, et al. An improved particle

swarm optimization for nonconvex economic dispatch

(6]

(7]

(8]

(91

[10]

[16]

(7]

(18]

[19]

(20]

(21]

Meéndez C A, Cerdd J, Grossmann I E, et al. State-of-the-art
review of optimization methods for short-term scheduling
of batch processes[J]. Computers & Chemical Engineering,
2006, 30(6/7): 913-946.

Liu Y, Karimi I A. Scheduling multistage batch plants with
parallel units and no interstage storage[J]. Computers &
Chemical Engineering, 2008, 32(4/5): 671-693.

Prasad P, Maravelias C T, Kelly J D. Optimization of
aluminum smelter casthouse operations[J]. Industrial &
Engineering Chemistry Research, 2006, 45(22): 7603-
7617.

Prasad P, Maravelias C T. Batch selection, assignment
and sequencing in multi-stage multi-product processes[J].
Computers & Chemical Engineering, 2008, 32(6): 1106-
1119.

Liang Tao, Li Qi-qiang, Ding Ran. A self-organizing
approach to reactive scheduling of multiproduct batch
plants[C]. Proc of the 8th Int Conf on Computing,
Communication and Control Technologies. Orlando: 1IIS,

2010: 102-107.

problems[J]. IEEE Trans on Power Systems, 2010, 25(1):
156-166.

Lee K, Sode-Yome A, Park J. Adaptive hopfield neural
networks for economic load dispatch[J]. IEEE Trans on
Power Systems, 1998, 13(2): 519-526.

Park Y, Won J, Park J. A new approach to economic load
dispatch based on improved evolutionary programming[J].
Int J of Engineering Intelligent Systems for Electrical
Engineering and Communications, 1998, 6(2): 103-110.
Chiang C. Improved genetic algorithm for power economic
dispatch of units with valve-point effects and multiple
fuels[J]. IEEE Trans on Power Systems, 2005, 20(4): 1690-
1699.

Selvakumar A, Thanushkodi K. A new particle swarm
optimization solution to nonconvex economic dispatch
problems[J]. IEEE Trans on Power Systems, 2007, 22(1):
42-51.

Immanuel S, Thanushkodi K. Anti-predatory particle
swarm optimization: Solution to nonconvex economic
dispatch problems[J]. Electric Power Systems Research,
2008, 78(1): 2-10.

Lu H, Sriyanyong P, Song Y, et al. Experimental study of a
new hybrid PSO with mutation for economic dispatch with
non-smooth cost function[J]. Int J of Electrical Power and

Energy Systems, 2010, 32(9): 921-935.



